Abstract: Isothiocyanates (ITCs) hydrolysed from glucosinolates (GSLs) in Brassicaceae 1 tissue are toxic to soil organisms. In this study, the effect of aliphatic and aromatic ITCs 2 from hydrated dry Brassicaceae shoot tissues on mycelium and oospores of the pea root 3 rot pathogen Aphanomyces euteiches was investigated. The profile and concentrations of 4 GSLs in two test-Brassicaceae species, Sinapis alba and Brassica juncea, and the ITCs 5 from the dominant hydrolysed parent GSLs were monitored. The concentrations of 6 dominant ITCs and pathogen exposure time were evaluated in in vitro experiments. The 7 greatest effect on the pathogen was observed from aliphatic ITCs hydrolysed from B. 8 juncea tissue, and the effect depended on the ITC concentration and exposure time. ITCs 9 were more effectively hydrolysed from B. juncea GSLs than from S. alba GSLs, i.e. the 10 ITC/GSL ratio was higher in B. juncea than in S. alba tissue, giving a different release 11 pattern. The release of phenylethyl ITC, which was common to both species, followed a 12 similar pattern to the dominant ITC in each crop species. This suggests that traits other 13 than GSL content, e.g. plant cell structure, may affect the release of ITCs and should 14 therefore influence the choice of species used for bio-fumigation purposes. 15 16
Concentration and Time Dependent Effects of Isothiocyanates Produced from
Pea root rot caused by the pathogen Aphanomyces euteiches Drechs is a serious problem 25 in pea production worldwide. [1] [2] [3] The pathogen can persist in the soil for long periods 26 without a host plant due to the thick protective cell walls of the Aphanomyces oospores. 27
When oospores are stimulated to germinate by pea root exudates 4 , a short mycelium 28 strand and a sporangium is produced. The sporangium releases zoospores that attack the 29 pea roots. 5 Pea root rot is difficult to control as there are no available pea cultivars with 30 an acceptable level of resistance. 6 Further, synthetic fungicides may have a negative 31 environmental impact, and certain agents have been prohibited, for example within the 32 European Union 7 . The commonly recommended way to control A. euteiches is therefore 33
to leave intervals (6-8 years) between pea crops in the rotation. when grown as cover crops, or when added as plant residues to infested soil. [9] [10] [11] In field 36 studies, Sinapis alba (white mustard) reduced the development of Aphanomyces pea root 37 rot when used as green manure. This reduction was enhanced when white mustard was 38 used for a second consecutive year. 12 Studies under greenhouse conditions showed that 39 8 (RH) 85±5%. Soil moisture was adjusted daily to field levels in order to obtain optimal 136 infection conditions. All pea seedling roots were evaluated for root rot disease severity 137 three weeks after sowing. Each pea seedling was assigned a DSI (Disease Severity Index) 138 value based on the mean disease symptoms of the individual pea seedlings in the four 139 tubes representing each experimental unit. The scale for DSI ranges from 0 to 100 (%), 140 but each individual plant can only be assigned one of five scores for disease severity: 0% 141 = healthy plant; 25% = root slightly discoloured; 50% = root extensively discoloured but 142 not shrunken; 75% = root extensively discoloured and shrunken; 100% = root partly or 143 completely rotted or plant dead. 36 
145
In vitro exposure of mycelium to volatiles-effect of dose. Dry shoot tissue, 60 mg, 100 146 mg and 140 mg of B. juncea, S. alba and S. cereale was transferred separately to 220 mL 147 plastic cups and mixed with 5 mL sterilized, de-ionized water. A water control was 148 included and all treatments had three replicates. The doses were determined after a pilot 149 study with B. juncea shoot tissues in which a 140 mg dose completely inhibited pathogen 150 growth. A plug (7 mm diameter) from actively growing A. euteiches culture was placed 151 in the centre of a 9-cm CMA dish and placed as a lid on the top of cup immediately after 152 water was added to the dry plant tissues. Cup and dish were sealed with Parafilm and 153 incubated in a growth cabinet at 24 °C for four days. The colony diameter of A. euteiches 154 was measured on the lid daily using a measuring scale. After four days, the culture dish 155 lids were removed from the cups and placed in the same growth cabinet at 24 °C and 156 observed for further growth of A. euteiches.
In vitro exposure of mycelium to volatiles-effect of exposure time. Hydrated B. juncea 159 shoot tissue (140 mg) was used to produce volatile compounds which were exposed to an 160 actively growing A. euteiches plug (7 mm diameter) put on fresh CMA dishes, as in the 161 dose experiment described above. Three exposure times were used, 40 (Table 2) . 313 hydroxybenzyl and benzyl, and aliphatic allyl ITC from the GSL 2-propenyl, 318
respectively. Both plant species produced the aromatic phenylethyl ITC (Table 3) We used shoot tissues from two brassica species with different GSL profiles. Although 342 we used different cultivars than in earlier investigations, produced the plant tissue under 343 greenhouse conditions, partly with artificial light, and dried the material to standardise 344 dosages, the variety and concentration of GSLs in B. juncea and S. alba shoot tissues was 345 similar to that found in earlier studies. 10, 15, [42] [43] [44] [45] This indicates that the GSL composition 346 remains consistent in the plant species despite differences in cultivar, growing conditions 347 and low temperature drying of the plant material. As a consequence of the composition of 348 GSLs, we found that the volatile compounds produced from B. juncea and S. alba were 349 dominated by allyl and benzyl ITCs respectively, which is in line with earlier studies. species with the most effective production ratio but also high biomass production to reach 405 optimal concentration levels when GSL containing plants are used for bio-fumigation. 406
The results support the use of a cover to minimise dispersal of ITCs, which should allow 407 the ITCs to interact directly with the pathogen for a longer period. However, the findings 408 from this study need further verification under field conditions. 409
410

ACKNOWLEDGMENTS 411
The project was funded by the research programme SLU EkoForsk at the Swedish 412
University of Agricultural Sciences. We thank Erika Qvarfordt for technical assistance. Aphanomyces oospores with volatile compounds from hydrated dry plant tissues. Pea seedlings were rated for pea root rot three weeks after pea seed sowing. The scale for disease severity index (DSI) is 0-100 (%). 0%=healthy plant; 25% = root slightly discolored; 50% = root extensively discolored but not shrunken; 75% = root extensively discolored and shrunken; 100% = root partly or completely rotted or plant dead. 36 The value of DSI is back transformed from the natural logarithm. Control = water. 
